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Prior to the introduction of Charge Coupled Device (CCD) detectors 
the majority of image analysis performed on NDT radiographic images was 
done visually in the analog domain. While some film digitization was 
being performed, the process was often unable to capture all the useable 
information on the radiograph or w~s too time consuming. CCD technology 
now provides a method to digitize radiographic film images without losing 
the useful information captured in the original radiograph in a timely 
process. Incorporating that technology into a complete digita l 
radiographic workstation allows analog radiographic information to be 
processed, providing additional information to the radiographer. Once 
in the digital domain, that data can be stored, and fused with radioscopic 
and other forms of digital data. The result is more productive analysis 
and management of radiographic inspec tion data. 
SYSTEM DESCRIPTION 
The principal function of the NDT Scan IV digital radiography 
system is the digitization, enhancement and storage of radiographic 
images. System inputs include radiographs (up to 14 inches by 17 inches), 
and a number of other image input media including digita l cassette tapes, 
optical disks, and electronic image data inputs including Ethernet and 
analog video . Figure 1 shows the system components. 
By employing the primary output, the high resolution soft displays, 
the operator can view the processed imagery and perform the required 
analysis . Secondary outputs are optical disk, electronic interfaces 
including DR-11, Ethernet, and analog video (both NTSC and raster 
formats ) and hardcopy, which converts the digitally processed or raw 
data back to analog radiographic form. 
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DIGITIZER DESCRIPTION 
Figure 2 illustrates the performance features of the digitizer. It 
can record densities up to 4.5 optical density and objects as small as 
.0015 thousandths of an inch. This makes the digitizer the most 
important element of the system since digital image analysis of NDT 
radiographs will only be successful when all useful information captured 
by the radiograph is recorded in the digitization process. 
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Fig. 1. System Block Diagram 
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The radiographic information is captured by translating the 
radiograph via a precision mechanical stage past stationary optics, 
illumination system and linear detector array. The line illumination 
utilizes a fiber optic assembly to couple light f rom the light source 
assembly to illuminate a line of the radiograph. In this way, available 
light is concentrated into the area being digitized, resulting in 
improved signal-to-noise, faster scan times, and improved uniformity. 
This illuminated line is imaged onto the 5 thousand e lement l inear 
detector array . The line imaged is electronically scanned, or read 
out, by an integral CCD multiplexer and the resulting video signal i s 
digitized. The digital data processing system (DDPS) processes these 
signa ls to compensate for pixel gain and bias variations and can form 
line and pixel averaging to improve signal to noise when resolution or 
scan time can be traded off . An optional light chopper and electronic 
control is available to reduce image motion effects dur ing scanning. 
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DIGITIZER SPECIFICATIONS 
Input Media & Size: Radiograph Transparencies up to 
14" X 17" 
Resolution: 
Pixel Depth: 
Image Ymtrix: 
70 Microns over 14" x 17" area or; 
35 Microns over 7" x 17" area 
12 bits 
5000 x 6,000 pixels (70 microns) 
5000 x 12,000 pixels (35 microns) 
Optical Density Range: Varies from 0 - 3.5 to 1 - 4.5 
Scan Time: 
Frame Buffer: 
ANALOG 
PIXEL DATA 
SENSOR 
30 Seconds (70 micron) 
50 Seconds (35 micron) 
45 Megabytes (70 micron) 
90 Megabytes (35 micron) 
BOARD "'-'..,.--,,..-, 
lA FILTER HIGH 
INTENSITY 
LAMP 
LAMP POWER 
SUPPLY 
• · PIXEL NORMALIZATION 
• WINDOWING 
• PAESCANINTENSITY SETIING 
Fig. 2. Digitizer Block Diagram 
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IMAGE PROCESSING APPLICATIONS 
Two primary measures of a digitizer's performance are the spatial 
resolution and density coverage. This is particularly important for NDT 
radiographs, since NDT film emulsions are designed to record part 
information as small as .001 inches at densities in excess of 4.0 optical, 
where film contrast can make that information visable to the radiographer. 
NDT SCAN II has both 35 and 70 micron capability. 35 microns equates to 
approximately 14 line pairs per millimeter (1p/mm). Figure 3 is a 
digitized resolution chart showing that resolution. Figure 4 shows a 
step wedge with densities from 1.04 optical density (O.D.) to 5.98 O.D. 
Figures 5 through 8 present digitized portions of that image showing 1T 
sensitivity through 3.00 O.D. and 2T sensitivity at 4.14 O.D. The 
processed images demonstrates how radiographic information can be made 
more visable by shifting the apparent density and stretching the 
contrast for easier visual integration. 
I 
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Fig. 3. Resolution Chart Fig. 4. Full Step Wedge 
Fig. 5. Steps 35 and 40 Fig. 6. Steps 30 and 25 
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Fig. 7. Steps 20 and 15 Fig. 8. Step 10 
Once assured that the digitizer has captured all the useable 
information from the radiograph in terms of resolution and density, 
digital image processing can be employed to help the radiographer more 
accurately interpret the image. A diverse set of image processing 
operations is needed to properly extract all of the information captured 
in a radiographic film; each method inherently enhances different 
aspects of the image. 
Point Operations 
Spatial Operations 
Ensemble Operations 
Statistical Operations 
Amplitude rescaling utilizing 
look-up tables 
Amplitude weighting and summation 
of an array of pixels to perform 
convolutions 
Combinations of entire images on a 
pixel by pixel basis such as 
subtraction 
Operations involving the statistical 
properties of an image. The most 
common example is histogram 
equalization. 
By applying the operations to a radiographic image, the effects 
of different operations become apparent. A radiograph of a bundle of 
'tracer' fibers taped to a composite section constructed. of Du Pont J2 
thermoplastic resin is used because it has low contrast and details of 
varying sizes. Figure 9 is a photograph of the radiograph taken from 
a light box; Figure 10 is the digitized image. Adjusting the brightness 
(apparent density) and contrast of an image is one of the basic 
enhancements used in the digitial domain. Once the film has been 
digitized, the low contrast of the composite image can be increased so 
that the tracer fibers stand out against the background of the composite 
section (Figure 11). 
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Fig. 9. Original Radiograph Fig. 10. Digitized Radiograph 
Three different image processing operations offered on the Scan IV 
enhance the tracer fibers, each of which will produce different results 
depending on the size and sharpness of the edges of interest. These edge 
enhancers compute a new value for every point in the image based on values 
of the nearby points and give different results based on the proximity 
of the points used. If the calculation uses only a few close points, 
only the very sharp edges are enhanced; if more points are used larger 
artifacts are enhanced. The unsharp mask function uses large areas in 
it's calculations, in this case a square about as wide as 30 tracer 
fibers. When applied to the image in Figure 10, the unsharp mask routine 
enhances the large, dull edges of the background fibers as well . as the 
small, sharp tracer fibers (Figure 12). 
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Fig. 11. Density Shift & 
Contrast Stretch 
Fig. 12. Unsharp Mask 
Fig. 13. Low-Pass Subtract Fig. 14. Prewitt Edge 
The low-pass filter and image subtract functions can be combined to 
perform an edge enhancement which results in consideration of an area 
about 18 fibers wide. This low-pass-subtract function removes the dull 
edges of the composite and reduces the density difference between the 
tape and the background and enhnaces only the sharp fibers and the edge 
of the tape. This is useful when some of the information in an image 
isn't needed and can be removed for clarification (Figure 13). 
The Prewitt Magnitude edge enhancement uses a very small square, 
here about 3 fibers wide which enhances only the very sharp, well 
defined edges and removes all slowly varying density variations in the 
background. When applied to the image in Figure 10, only the image of 
the fibers and the outline of the tape remain (Figure 14). 
The advent of the CCD has made radiographic film digitization 
feasible allowing the application of both simple and more complex 
processing operations on the radiographi c image. The result is more 
useable radiographic information, improved reliabil i ty of analysis, and 
the additional capability to digitally manage radiographic information 
to facilitate storage of inspection data and data fusion. 
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